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(54) Tide: TWIN ROLL CAST CLAD MATERIAL 

(57) Abstract 

A method of making twin roll cast clad ma- 
terial (17) includes producing a composite material 
using a liner stock produced by drag casting tech- 
niques. The drag cast liner stock (7) can be directly 
used in a twin roll continuous casting process (5) 
without additional process steps such as heat treat- 
ment, surface cleaning and/or rolling. The drag 
cast liner stock (7) can be applied to one or both 
of the surfaces of the twin roll cast material (5) 
to produce a composite material (17) that is use- 
ful in a cast form or can be adapted for reduction 
by rolling processes or the like. The twin roll cast 
cladding process can utilize aluminum alloy core 
and cladding materials to form a brazing sheet from 
the as-cast composite material. The figure shows 
the production of twin roll cast clad material (17). 
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TWIN ROLL CAST CLAD MATERIAL 



Field of the Invention 

The present invention is directed to making a clad 
material using a twin roll casting process and a drag 
cast liner stock as the cladding material , and, in 
particular, cladding a drag cast brazing material on a 
twin roll cast aluminum core material. 

Background Art 

The prior art has proposed various methods and 
apparatus to produce composite materials. United States 
Patent No. 2,931,082 to Brennan discloses a casting 
method and apparatus wherein a composite metal article is 
formed by continuously casting molten metal against a 
longitudinally moving base such as a metal strip or the 
like. In Brennan, a strip is disposed between the 
material being cast and a rotating casting wheel . 

United States Patent No. 5,077,094 to McCall et al . 
discloses a process for applying a metal coating 4:o a 
metal strip substrate. In this process, a melt pool of 
a metal coating material is deposited on a casting 
surface of the substrate material and rapidly cooled to 
form the coated metal strip. 

United States Patent No. 4,224,978 to Klein 
discloses a twin roll casting method and apparatus for 
forming a composite material . In this method, a material 
having a mechanical strength and melting point 
substantially higher than that of aluminum is plated on 
at least one face of a continuously cast aluminum core 
material. Referenced in this patent is French Patent No. 
1,364,758 which describes in principle a continuous 
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casting method in which still liquid metal is introduced 
between two cooled work rolls and in which a metal 
plating strip is interposed between the liquid metal and 
the work rolls. The metal plating strip is thus plated 
onto the continuously cast material. This French patent 
discloses plating an . aluminum blank with a strip of 
aluminum. 

In the prior art, it is also known to provide a 
brazing sheet comprising a core of an aluminum alloy and 
a brazing material, i.e. a coating of a lower melting 
point filler metal. Typically, the coatings are roll 
bonded to one or both sides of the core sheet during 
fabrication. Brazing sheet can then be formed without 
removing the coating, assembled, fluxed and brazed 
without placing additional filler metal at a joint site. 

In one type of roll bonding, the brazing material is 
bonded to a core material at an ingot stage. The bonded 
ingot must then be hot rolled to brazing sheet 
thicknesses, typically 0.125". This hot rolling step is 
conducive to the formation of surface oxides which impair 
the quality of the brazing sheet and can adversely affect 
brazing performance . 

Alternatively, the filler metal can be produced by 
casting into an ingot form and rolled to a thin gauge 
liner stock. After rolling, the wrought filler metal can 
be roll bonded to the aluminum core material using 
conventional techniques . This method requires numerous 
annealing and surface preparation steps to prepare the 
thin gauge liner stock for bonding. The core material 
may vary depending on the application. AA3 003 or AA6951 
aluminum alloys are typical examples of core materials. 
The brazing filler metals can also vary depending on the 
desired use, usually comprising an AA4XXX-type aluminum 
alloy. 

Besides the drawbacks noted above concerning 
excessive surface oxides in hot rolled brazing sheet and 
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the additional processing steps of annealing and surface 
cleaning for wrought liner stock, prior art methods of 
making brazing sheet lack the ability to vary the 
cladding or filler metal composition for a given core 
material. In response to the drawbacks and disadvantages 
of the prior art discussed above, a need has developed to 
provide an improved method for making twin roll cast 
composite materials offering flexibility in choice of 
composition/ cost effectiveness and energy efficiency. 

In response to this need, the present invention 
provides a method for making a twin roll cast clad 
material having an acceptable structure and quality in 
combination with low operating and capital costs and the 
ability to utilize different brazing filler materials 
with a single core material. 

Summary of the Invention 

Accordingly, it is a first object of the present 
invention to provide an improved method of making a twin 
roll cast clad material using a drag cast material as a 
cladding liner stock. 

Another object of the present invention is to 
produce a brazing sheet which utilizes a drag cast liner 
stock as the filler metal in a twin roll continuous 
casting method. 

It is a further object of the present invention to 
produce a composite material by cladding a drag cast 
liner material to a twin roll cast aluminum core wherein 
different compositions of liner material are clad to the 
cast material across its width. 

Another object of the present invention is to 
provide a composite material, in particular, a brazing 
sheet, made by twin roll casting a core material to a 
drag cast liner stock. 
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Other objects and advantages of the present 
invention will become apparent as a description thereof 
proceeds . 

In satisfaction of the foregoing objects and 
advantages, the present invention provides an improvement 
in the method of cladding liner material to a material 
being continuously twin roll cast. According to the 
invention, a drag cast liner material is formed by 
melting the liner material, feeding the molten liner 
material onto a unitary rotating chill wheel and 
solidifying the liner material into a strip. This 
process forms a liner material having a drag cast 
structure which is then fed between the rolls of a twin 
roll casting apparatus with a molten material to -be cast 
to form a composite structure. 

The material to be twin roll cast can be any 
castable alloy, preferably an aluminum alloy. The drag 
cast liner material can also be any castable alloy, 
preferably a brazing alloy such that the composite 
structure formed is a brazing sheet. 

In another aspect of the invention, drag cast liner 
materials of different compositions, widths and 
thicknesses can be clad to the twin roll cast material at 
laterally spaced apart intervals to form a cast structure 
having clad and unclad portions. 

In a more preferred embodiment, the grooved surface 
formed during drag casting of the drag cast liner stock 
is orientated to contact the material to be oast during 
twin roll casting. 

According to the invention, a twin roll cast 
composite strip of material is produced comprising a twin 
roll cast core material having opposing surfaces and a 
liner material having a drag cast structure bonded to at 
least a portion of one of the opposing surfaces. In a 
more preferred embodiment, the liner material having the 
drag cast structure is bonded entirely to one or both of 
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the opposing surfaces. Alternatively, the liner material 
is bonded in laterally spaced apart intervals to provide 
a multi-functional composite material. A twin roll 
cladding casting apparatus is also disclosed wherein the 
cladding liner for use during twin roll casting includes 
means to feed a plurality of cladding liners between the 
rotating casting rolls and a molten material being cast. 
With this apparatus, a cast structure is formed having 
both clad and unclad portions to provide a multi- 
functional end product. 

Brief Description of the Drawings 

Reference is now made to the drawings accompanying 
the invention wherein: 

Figure 1 is a first schematic diagram of the 

inventive method and apparatus; and 

Figure 2 is a second schematic view depicting 
another embodiment of the present invention. 

Description of the Preferred Embodiments 

The use of a drag cast liner stock as a cladding 
material in a twin roll continuous casting process 
produces an acceptable composite material, particularly 
useful as a brazing sheet or strip. This use also 
eliminates the increased production cost associated with 
prior art wrought cladding material . The drag cast liner 
material also provides a sufficiently clean surface to 
avoid any surface preparation steps prior to the twin 
roll cast cladding. 

With reference to Figure 1, the present invention is 
generally designated by the reference numeral 10 and 
includes a twin roll casting apparatus 1 comprising a 
pair of casting rolls 3 and a casting tip 5. It should 
be understood that the twin roll casting apparatus is 
well known in the art and not considered to be an aspect 
of the invention. 
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A pair of cladding stock coils 7 are provided 
adjacent the twin roll casting apparatus 1. The cladding 
stock coils dispense the cladding liner stock 9 via guide 
rolls 11 and ironing rolls 13 to the twin roll casting 
wheels 3, respectively. Edge guide sensors 15 may also 
be provided to maintain transverse and longitudinal 
alignment between the liner stock 9 and the casting 
wheels 3 through adjustment of the various rolls. Since 
these sensors are well known in the art, a further 
description is not deemed necessary. 

The liner stock 9 is a cast material produced by 
drag casting molten material into a metal strip. This 
drag casting process is disclosed, for example, in United 
States Patent No. 4,945,974 to Honeycutt, III. which is 
incorporated in its entirety by reference. In this 
process, a thin strip of cast material is produced by a 
single cooling wheel which drags molten metal from an 
adjacent tundish. The single cooling wheel solidifies 
the molten metal into a thin strip, typically between 
.03 0 to .050 inches at a rate of in excess of 200 ft. per 
minute . 

Still with reference to Figure 1, during twin roll 
casting, molten metal (not shown) fed through the casting 
tip 5 is formed into a sheet material with the liner 
stock made from the drag cast material 9 being reduced 
and bonded thereto to produce a composite strip material 
17. 

The composite strip material 17 may be utilized in 
its as cast form depending on the core material 
composition, liner stock composition and intended use. 
Typically, the as cast composite has a thickness up to H 
inch and can vary in width depending on the twin roll 
casting apparatus, typically up to 80". Alternatively, 
the composite material can be further reduced by rolling 
or the like and/or heat treating depending on the desired 
end use, size and properties. 
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The core material and drag cast liner stock material 
can be any metal or alloy composition providing that the 
core material can be continuously twin rolled cast and 
the liner stock material can be drag cast. In addition, 
the core material should be compatible with the drag cast 
liner stock so that sufficient bonding therebetween can 
be achieved during the twin roll casting and cladding 
step. 

Preferably, the composite material produced by the 
twin roll cast cladding process is used as a brazing 
sheet. That is, the core material is an aluminum or 
aluminum alloy with the drag cast liner stock material 
being a brazing filler alloy such as AA4045 or the like. 

Using a brazing filler alloy as the drag cast liner 
stock offers advantages over prior art techniques which 
use a wrought alloy as a cladding material during twin 
roll casting or bond the cladding material at the ingot 
stage and reduce it to brazing sheet by hot rolling. 

During drag casting, an oil free, relatively, clean 
surface is produced. Thus, the drag cast liner stock may 
be directly fed to the twin roll casting apparatus 
without the need for extensive annealing and/or surface 
preparation steps. In contrast, wrought alloys that are 
produced from ingots or continuously oast slabs, require 
numerous annealing and surface cleaning steps before they 
can be used in a twin roll casting process. By using 
drag cast material as the liner stock in the inventive 
process, these numerous intermediate process steps are 
avoided which reduce operating and capital costs and 
increase energy efficiency. 

When producing brazing sheet, the as cast composites 
are typically further cold rolled to thicknesses of about 
0.125 inches for brazing sheet use. Of oourse, the final 
thickness of the brazing sheet can be tailored to the 
particular brazing sheet application. Alternatively, the 
drag cast liner stock composition to be clad during twin 
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roll casting can be selected for other characteristics 
such as corrosion resistance, increased strength or 
improved surface appearance, either in the cast form or 
when further reduced and/or heat treated. 

Although Figure 1 illustrates cladding the drag cast 
liner to both surfaces of the cast core material, a 
single liner stock can be applied to the twin roll* cast 
core material. The single liner stock can be applied to 
the bottom or the top surface as shown in the schematic 
of Figure 1. 

It should also be understood that the drag cast 
liner stock can be bonded to the cast core material with 
either the grooved surface or the non-grooved surface 
facing the core material . 

In drag casting, a grooved chill wheel is typically 
used to solidify the molten metal . The grooved chill 
wheel produces a cast product having a grooved surface on 
one side with a smoother opposite side which is in 
contact with atmosphere during solidification. The side 
opposite the grooved surface is typically characterized 
as the air side surface. 

When cladding the drag cast liner stock to the core 
material during twin roll casting, the drag cast liner 
stock can be configured with either the air side surface 
or the grooved surface contacting the molten material 
during casting. Preferably, the drag cast liner stock is 
dispensed from the coil such that the grooved surface 
contacts the core material rather than the air side 
surface . 

As will be described hereinbelow, experiments have 
indicated that when the grooved surface of the drag cast 
liner stock faces the core material during twin roll 
casting, an improved composite material is produced. 
That is, less blistering occurs in the cast composite 
material surface and the surface of brazing sheet made 
therefrom by further cold rolling. It is believed that 
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the grooved surface contacting the molten metal during 
twin rolled casting permits or facilitates the escape of 
gas during the casting process. By avoiding the 
entrapment of gas, an improved quality product is 
provided whether as cast or when further reduced by 
rolling or the like. 

In another embodiment of the invention, with 
reference to Figure 2, the drag cast liner stock -can be 
bonded to the core material at spaced apart intervals . 
In Figure 2, only a single coil is shown for cladding to 
the twin roll cast material. However, cladding may be 
done on both sides of the cast material . The coil 7 
includes a pair of drag cast strips 9a, each strip 9a 
spaced from a centrally located wider strip 9b. 

According to the inventive method, each of the 
strips 9a and 9b can be clad during twin roll casting to 
form a composite material 17' . The composite material 
17' has composite areas 27 which are adjacent portions 29 
which comprise only the core material . 

Edge guides 15 are provided for each of the strips 
9a and 9b to assure proper alignment during the cladding 
and twin roll casting process. 

By selectively bonding the drag cast material 9a and 
9b to the core material, a versatile composite material 
is produced which is multi-functional in use. For 
example, the drag cast material 9a can be a different 
composition than the material 9b. Thus, the composite 
strip 17' can then be slit or cut to individually utilize 
the different composition composite portions 27. The 
composite portions 27 can also be tailored for different 
widths to accommodate a desired end use. In addition, 
the thickness of the drag cast materials 9a and 9b can 
also vary depending on the end use. 

The composite strip 17' -can be stored as inventory 
and used at a later date depending on the need for a 
particular type of composite material. This aspect is 
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especially advantageous when the drag cast materials 9a 
and 9b are brazing filler alloys for an aluminum core 
material. Several different types of brazing sheets can 
be manufactured using the inventive method. 

In order to demonstrate the viability of the present 
invention and improvements associated therewith, various 
drag cast liner stocks were clad to twin roll cast core 
material . 

In a first experiment, a 0.045" thiok by 25" wide 
AA4045 alloy drag cast liner was successfully clad to an 
AA3003 core material by twin roll casting. An AA4045 
alloy with the addition of 1.5 wt. % magnesium was also 
twin roll cast to the AA3 0 03 aJLloy. The composite 
material was cast at a thickness of about 0.420". 

In a second experiment, a drag cast aluminum- iron - 
silicon-copper liner stock having a thickness of .045" 
was also successfully clad to an AA3003 alloy during twin 
roll casting thereof. 

In each experiment, successful bonding of the drag 
cast liner stock to the core material was achieved. 
Typically, the drag cast liner stock had a 25% reduction 
(.045" to .033" in the composite casting). The percent 
cladding in the composite material was about 8%. 

Successfully cladding of the drag cast liner stock 
to the twin roll cast core material provides a more 
consistent composite material and eliminates ingot hot 
rolling and roll bonding methods. In addition, a greater 
percent product recovery is achieved by the inventive 
method. 

After the drag cast liner stock was twin roll clad 
cast in the first experiment, the cast composite material 
was cold rolled to 0.125", annealed at 750°F, cold rolled 
to .060" and final annealed at 675°F. The non-magnesium 
containing drag cast liner was -cold rolled to .013" and 
stressed relieved at 550 °F. The metal to metal bond was 
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deemed satisfactory after cold rolling by the absence of 
delaminations in the rolled product. 

It should be understood that the casting -conditions 
such as the casting wheel diameters and width, casting 
tip set back, tundish temperature, casting amperage and 
casting speed are variable dependent and are selected 
depending on variables such as the properties of the core 
material and drag cast liner stock. Preferably, the 
clearance between the casting strip and the drag cast 
liner covered wheel is minimized so as to prevent 
instability of the meniscus during casting. In addition, 
it is preferred to limit the casting speed to obtain 
adequate reduction of the core material to enhance 
bonding. Other casting conditions which may be adjusted 
include roll gap setting, cladding reduction during 
bonding, casting temperature and tip configuration. 

In a third series of experiments, two coils of drag 
cast liner stock AA4 045 and one wrought strip of AA4045E 
(caustic etched) were twin rolled clad cast on ah AA8111- 
type aluminum alloy. 

During casting, the two coils of the drag cast liner 
stock AA4 04 5 were fed simultaneously into a twin roll 
caster. One coil was fed with the grooved surface 
contacting the core material with the other coil being 
fed with the non-grooved surface contacting the core 
material. The AA4045 etched sheet was clad on one side 
of the twin roll cast core material. 

In each instance of twin roll cast cladding, the 
composite material included non-bonded areas. It was 
noted that the composite material having the grooved 
surface of the drag cast liner stock facing the core 
material had the fewest non-bonded areas . 

The twin roll cast clad composite materials were 
then cold rolled to 0.060" and annealed at 675°F for two 
hours . 
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Visual examination of the cold rolled and annealed 
composite materials revealed the existence of blisters on 
each of the samples cast. 

The composite material with the drag cast liner 
stock having the grooved surface facing the core material 
had the least number of fine blisters and appeared to be 
of acceptable quality. In contrast, the composite with 
the drag cast liner stock non-grooved surface facing the 
core material had blisters about 1M" wide and over 12" 
long in the rolling direction in selected areas. 

The cladding thickness was also determined for the 
as cast samples. The AA4 045E sample had a cladding 
thickness of 8.6%. In contrast, the drag cast liner 
stock with the grooved surface facing the core material 
had a cladding thickness of 10.4%. The sample with the 
non- grooved surface facing the core material had a 
cladding thickness of 9.4%. 

It was also discovered that the drag cast liner 
stock provides a surface that is sufficiently clean and 
dry to afford a good metallurgical bond without any 
surface treatment. In a series of fourth casting 
experiments, one half of a drag cast liner stock was 
caustic etched with the other half remaining untreated. 
The partially etched liner stock was then cold rolled 
from 0.100" to a final gauge of 0.045". No difference in 
bonding ability was detected between the etched and non- 
etched samples when this liner stock was twin roll clad 
cast. This indicates that the drag cast liner stock 
affords a sufficiently clean surface to permit proper 
metallurgical bonding without any extensive surface 
preparation treatment . 

The brazeability of the twin roll clad cast 
composite materials produced in the third series of 
experiments was also investigated. The clad cast 
materials, after being homogenized at 6 hours at 850 °F, 
cold rolled to 0.06" and annealed at 675 °F for two hours, 
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were brazed in a CAB furnace using a NOCOLOK type flux. 
After brazing, fillet sizes were measured and the average 
fillet area was calculated. A comparison between the two 
different type drag cast materials, i.e. grooved or non- 
grooved surface facing the core material, revealed that 
the composite material with the drag cast liner stock 
grooved surface facing the core material exhibited 
smaller fillet areas. Although the brazeability study 
indicates that the preferred cladding orientation is to 
have the grooved surface of the drag cast liner stock 
contact the core material, in each instance, successful 
brazing was achieved. 

Although various thicknesses and widths have been 
disclosed for the drag cast liner stock and twin roll 
cast clad material, preferred thickness and widths are 
dependent on the respective casting conditions and 
desired end uses. Drag cast liner stock can be cast in 
widths up to 80" with a cast thickness ranging between 
0,03 to 0.06". Likewise, although the twin roll cast 
composite material has been exemplified at 0.42", other 
thicknesses are within the scope of the invention. 
Likewise, the composite material may be further cold 
rolled and heat treated to achieve properties and sizes 
consistent with a desired end use. 

The inventive method also produces a novel composite 
material by the combination of a cast structure as a 
cladding material with a twin roll cast core material . 
In addition, by cladding the drag cast material with the 
grooved surface facing the core material to be cast and 
allowing the escape of gases through the grooves during 
the casting process, an improved composite product is 
obtained. Further, since the non-grooved smooth surface 
of the drag cast liner stock becomes the exposed surface 
of the composite material, the composite is conducive to 
further cold reduction, if necessary. 



9526241 A 1_l_> 



WO 95/26241 



PCT/US95/03420 



14 

As such, an invention has been disclosed in terms of 
preferred embodiments thereof which fulfill each and 
every one of the objects of the present invention as set 
forth hereinabove and provides a new and improved method 
of twin roll cast cladding and article produced thereby. 

Of course, various changes , modifications and 
alterations from the teachings of the present invention 
may be contemplated by those skilled in the art without 
departing from the intended spirit and scope thereof . 
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What is Claimed Is: 

1 1 . In a method of cladding a liner material to a 

2 material continuously twin roll cast wherein said liner 

3 material is fed between at least one of said twin rolls 

4 and said material being cast, the improvement comprising 

5 feeding a drag cast liner material having a drag cast 

6 structure between at least one of said twin rolls and 

7 said material being cast to form a composite structure of 

8 said material being cast and said drag cast liner 

9 material. 

1 2. The method of claim 1 wherein said material being 

2 cast is an aluminum alloy, said drag cast liner material 

3 is a brazing alloy and said composite structure is a 

4 brazing sheet. 

1 3. The method of claim 1 wherein said step of feeding 

2 said drag cast liner material further comprises the step 

3 of feeding a plurality of drag cast liner strips between 

4 at least one of said twin rolls and said material being 

5 cast at laterally spaced apart intervals along said twin 

6 roll cast material to form a clad cast structure, a 

7 portion thereof having said composite structure with the 

8 balance being said twin roll cast material . 

1 4. The method of claim 3 wherein -said twin roll cast 

2 material is an aluminum alloy, said plurality of drag 

3 cast liner strips comprise at least one type of a brazing 

4 alloy and said clad cast composite structure is a brazing 

5 composite. 

1 5. The method of claim 4 wherein said plurality of 

2 drag cast strips comprise two different types of brazing 

3 alloys. 
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6. The method of claim 1 wherein said drag cast liner 
material is formed by melting said liner material, 
feeding said molten liner material onto a unitary 
rotating chill wheel from a tundish and solidifying said 
liner material into a strip. 

7. The method of claim 1 wherein said drag cast liner 
material is used to form said composite structure without 
a surface cleaning treatment prior to cladding. 

8. The method of claim 2 wherein said aluminum alloy 
is an AA3 003 alloy and said brazing alloy is an AA4045 
alloy. 

9. The composite structure produced by the method of 
claim 1. 

10. The method of claim 1 wherein said drag cast 
liner material ranges between .030 and .060 inches in 
thickness . 

11. The method of claim 1 wherein said drag cast 
liner material has a grooved surface and said grooved 
surface contacts said material to be cast during casting. 

12. The method of claim 6 wherein said drag cast 
liner material has a grooved surface and said grooved 
surface contacts said material to be cast during casting. 

13. The composite structure produced by the method of 
claim 6 . 

14. A twin roll cast composite strip material 
comprising : 

a) twin roll cast core material having opposing 
surfaces ; and 
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b)a liner material having a drag cast structure 
bonded to at least a portion of one of said opposing 
surfaces . 

15. The twin roll cast composite strip material of 
claim 14 wherein said core material has said liner 
material bonded to both opposing surfaces. 

16. The twin roll cast composite strip material of 
claim 14 wherein said liner material is bonded to one of 
said opposing surfaces at laterally spaced apart 
intervals. 

17. The twin roll cast composite strip material of 
claim 14 wherein said core material is an aluminum alloy, 
said liner material is a brazing alloy and said composite 
strip material is a brazing sheet . 

18. The twin roll cast composite strip material of 
claim 16, wherein said liner material bonded at laterally 
spaced apart intervals comprises at least two different 
alloys . 

19. The twin roll cast composite strip material of 
claim 18 wherein said at least two different alloys are 
brazing alloys, said core material is an aluminum alloy 
and said composite strip material comprises at least two 
different brazing sheets . 

20. In a twin roll casting apparatus comprising a 
casting tip feeding molten metal between two rotating 
casting rolls and a cladding liner stock assembly for 
feeding a cladding liner between at least one of said 
rotating casting rolls and said molten metal being cast, 
the improvement comprising said cladding liner stock 
assembly having means for feeding a plurality of -cladding 
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liners between said one of said rotating casting rolls 
and said molten metal being cast. 

21. The apparatus of claim 20 wherein said means for 
feeding includes edge sensors positioned adjacent said 
cladding liners to detect longitudinal and lateral travel 
of said cladding liners. 
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